Abstract: Bushes of black currant (Ribes nigrum) were slightly higher and wider, and their leaves had a higher content of major nutrients than chokeberry (Aronia melanocarpa). Soil samples were collected in 2004, in spring, summer and autumn, i.e. 3×20 samples from each experimental variant. Three irrigation variants were compared: no irrigation (C), drip irrigation (D), and micro-jet sprinkling (M). In the soil of the black currant plantation, the density of mites was higher (in variants C and D), as compared to the chokeberry plantation. The saprophagous oribatid mites were predominant in the studied mite communities, while Actinedida and Gamasida were less numerous. Oribatid mites were more numerous and more diverse in the black currant plantation than in the chokeberry plantation. The influence of irrigation on the density of oribatid mites was insignificant. In the communities of oribatid mites, Tectocepheus velatus was distinctly predominant on most plots.
INTRODUCTION
Chokeberry (Aronia melanocarpa) as well as black currant (Ribes nigrum) are berry bushes. At present, they are important fruit crops because of their economic value (rolBiecki 2003) and high nutritive value. Their small soil requirements indicate the possibility of their cultivation also on light soils as well as on very light soils. In such conditions the use of irrigation, especially drip irrigation and micro-jet sprinkling, is necessary.
In the climatic zones with leaf-fall and fruit drop at the end of the growing period, saprophagous species are needed for proper function of the ecosystem. Among the soil mites, especially on forest soils with raw humus, the saprophagous oribatid mites (Oribatida) are distinctly predominant. The density of oribatid mites in soils of pine forests usually reaches several hundred thousand individuals per m 2 of soil area (kliMek 2000) . Occurrence of these mites in the soils under long-term plantations of horticultural crop plants, e.g. berry bushes, can be also important, like in the case of soils of forests and newly afforested areas. These mites stimulate organic matter decomposition and interact with soil microorganisms. Oribatid mites can feed on ectomycorrhizal fungi (schneiDer et al. 2005) , and can also influence fungal growth and stimulate fungal spread. This is important because mycorrhizal fungi are connected with roots of 95% of plants. Their positive influence on the growth of plants is commonly known. Mycorrhizal fungi stimulate plant vitality and play a great role in limiting many infections (BaDura 2004) .
Mites, especially saprophagous oribatid mites, are regarded as useful bioindicators of the degree of decomposition and biological properties of forest humus (seniczak 1979). Therefore, they can be used as bioindicators of the biological status of soils, and of the degree of soil degradation. The aim of this study was to determine: (1) the density and diversity of mites (Acari) in plantations of chokeberry and black currant, with special emphasis on oribatid mites; and (2) the influence of microirrigation on these arthropods.
MATERIAL AND METHODS
Acarological investigations were carried out in 2004 on the experimental field of the Department of Land Melioration and Agrometeorology at Kruszyn Krajeński near Bydgoszcz (northern Poland). Plantations of chokeberry (established in 1994) and black currant (established in 1991) were chosen for the study. Chokeberry seedlings were spaced 2.4 m × 2 m, whereas black currant seedlings, 2.5 m × 1 m. Before planting them on former arable land, fertilization with cow dung and deep ploughing were applied.
Drip irrigation was applied using Aqua-Trax drip lines (in-line emitters spaced 20 cm apart). Two drip lines were located along each row of bushes, at a distance of about 30 cm (one line on each side). Micro-jet sprinkling was applied using Hadar sprinklers (wetting diameter about 2.0-2.5 m).
Frequency of irrigation was established on the basis of soil water potential, determined with the use of tensiometers. During dry periods, drip irrigation was performed every 2-3 days, and micro-jet sprinkling every 4-6 days.
The major potential factors influencing the occurrence of mites were: bush species (chokeberry, black currant) as well as irrigation (C = control, i.e. without irrigation, D = drip irrigation, M = micro-jet sprinkling).
To investigate the occurrence of mites, soil samples were taken 3 times a year: in spring (mid-May), in summer (early August), and in autumn (mid-October). From each variant of the experiment, 60 samples (3 × 20) were taken. A single sample was 17 cm 2 in area and 3 cm deep. Mites were extracted from the material in highgradient Tullgren funnels, and were next preserved. Oribatid mites were identified to species or genus, including juvenile forms. Other mites were identified to order, according to Hammen's (1972) classification. In total, 3732 Acari (including 2499 Oribatida) were studied.
The density of mites was calculated per 1 m 2 of soil. Species diversity of oribatid mites was determined as the total number of species, the mean number of species per sample, as well as the Shannon index of species diversity (H') (MaGurran 1988). The numerical data were ln-transformed (x+1) prior to the statistical analyses (Berthet & GerarD 1965) . Statistical analyses were conducted with the use of Statistica software. Fisher-Snedecor test was used to determine the significance of the influence of experimental factors, and Tukey test was used to define significant differences between the combinations.
RESULTS

Soil and climatic conditions
The experiment was carried out on degraded meadow black earth, formed from coarse sandy soil, on loose sandy soil. Chemical analyses of the soil show that soil reaction (pH) was slightly acidic or acidic, and differences in pH between chokeberry and black currant plantations were small (Table 1 ). P content in the investigated area was high or even very high, while K and Mg contents ranged from medium to low.
Total rainfall during the growing period (April-September) in 2004 amounted to 244.5 mm, so it was lower than the long-term mean (281 mm). Mean air temperature for this period was 13.4°C, so it was 0.7°C lower than the long-term mean. Bushes of black currant were slightly higher and wider than those of chokeberry. The mean content of particular nutrients in leaves was also higher in black currant than in chokeberry (Table 2) . 
Abundance of mites in general
In the study area, the density of mites was relatively low, ranging from 5080 to 7600 individuals . m -2 . The black currant plantation was characterized by significantly more numerous mites than the chokeberry plantation in treatments C and D (Table 3) . Statistical analyses showed that the use of microirrigation did not affect significantly the abundance of mites, but bush species influenced this index.
In the studied communities of mites, the saprophagous oribatid mites were distinctly predominant (mean 67% of total catch). Relatively numerous were also Actinedida (24.5%) and Gamasida (5.5%). No influence of irrigation on the density of oribatid mites was detected, but this index was significantly dependent on bush species. Treatments C and D on the black currant plantation were characterized by significantly higher densities of Oribatida than on the chokeberry plantation.
Diversity and abundance of oribatid mites
In the study area, a total of 31 species of oribatid mites were found. In the chokeberry plantation, the number of species ranged from 15 to 19, depending on experimental treatment, but in case of black currant, species were more numerous, ranging from 18 to 21. Bush species was the only factor that influenced the diversity of oribatid mites -the mean numbers of species per sample in treatments C, D and M of black currant were higher than in those of chokeberry. The Shannon index of species diversity (H') ranged from 1.25 to 1.86 in the chokeberry plantation, and in the plantation of black currant it was insignificantly higher: from 1.73 to 2.14.
In the communities of oribatid mites, Tectocepheus velatus Michael, 1880, was distinctly predominant, except for plot C of chokeberry. Density of this species was affected by both experimental factors (treatments and species). The use of irrigation, especially micro-jet sprinkling, significantly increased its density.
The density of another species of oribatid mites -Chamobates cuspidatiformis Trägårdh, 1904, was lower than that of Tectocepheus velatus. Chamobates cuspidatiformis preferred the plantation of chokeberry.
Occurrence of Scutovertex sculptus Michael, 1879, is also interesting. Both experimental factors (treatments and species) influenced its density. This species preferred non-irrigated plots in the chokeberry plantation. A = significant differences between C and D or M at P < 0.05; B = significant differences between chokeberry and black currant plots at P < 0.05; C = control (no irrigation), D = drip irrigation, M = micro-jet sprinkling; S = effect of bush species (P values); I = effect of irrigation (P values)
DISCUSSION
The mean height of chokeberry bushes ranged from 133.9 to 156.7 cm, but the lowest bushes were found on non-irrigated plots. These results confirm that scarcity of water during the growing period causes poor growth of chokeberry bushes (chle- Bowska & sMolarz 1988) . Irrigation significantly increased the height of chokeberry bushes, to 152.6-156.7 cm.
The height of black currant bushes ranged from 133.5 cm to 161 cm, depending on the experimental variant.
In our experiment, irrigation significantly increased the growth indices of black currant bushes. This is important because the growth of black currant bushes is positively correlated with their fruit yield (hofMann 1991).
The abundance of mites noted in soils of chokeberry and black currant plantations was similar to the density of these arthropods in the soil of the neighbouring fallow land (3460-6650 individuals . m -2 ) and it was slightly lower than that noted in the forest soil of a 7-year-old pine plantation (10410 individuals . m -2 ) (kliMek 2004). The irrigation used in this experiment did not affect significantly the abundance of mites. The same microirrigation methods (drip and micro-jet) did not affect significantly the abundance of soil mites also in an experiment on 1-2-year-old Scots pine seedlings grown on the same field . In contrast, a positive impact of irrigation on the abundance of these arthropods was noted in a forest nursery (kliMek et al. 2008) .
Higher abundance of mites in the plantation of black currant, as compared to that of chokeberry, can be a result of bush size, because black currant bushes were higher and wider. Higher bushes supply larger biomass of leaf fall, securing attractive food for saprophagous mites. In addition, leaves of black currant contained more nutrients than those of chokeberry.
Among recorded mites, 2/3 were oribatid mites classified as saprophages. Their share in communities of mites was similar to that noted in forest soils under birch stands and pine stands (kliMek & seniczak 2002), but their abundance in this experiment was many times lower.
The study showed that the abundance and species diversity of oribatid mites were dependent on bush species -they were significantly higher in the black currant plantation. Irrigation did not affect these indices. However, in the forest tree nursery the same irrigation systems had a positive influence on oribatid mites in pine plantations. In particular, the positive effect on the abundance and the species diversity of this group of mites was noted in case of joint influences from micro-jet sprinkling and organic fertilization in birch plantations . Results published by other authors indicated that in most cases irrigation positively affected the abundance of oribatid mites and also other soil animals (linDBerG et al. 2002 (linDBerG et al. , tsiafouli et al. 2005 .
Tectocepheus velatus was the most abundant species of oribatid mites in the investigated area. This is a common soil species occurring in different biotopes (weiGMann & kratz 1981) , but it prefers acid soils (håGvar & kjønDal 1981 , håG-var 1984 . The positive influence of irrigation on this species was also detected in another trial with Scots pine on the neighbouring plot mulched with forest soil . Response to irrigation of Scutovertex sculptus was different. The negative reaction of this species to microirrigation can be connected with its preference for dry sites characterized by great insolation and a low plant coverage (Table 2) , e.g. industrial dumps (kliMek et al. 1991 , skuBała 1999 or fallow land .
